Background: Cardiac adaptation to hypertension and obesity may be related to many factors such as race, gender and haemodynamic status. Some gender specific associations with left ventricular structure and function have been described among Caucasians. Objectives: To describe the sex specific pattern of left ventricular adaptations to obesity and hypertension among Nigerians. Methodology: It was a cross sectional study carried out at LAUTECH Teaching Hospital, Osogbo, Nigeria. 313 subjects had full echocardiography performed. Participants were divided into four groups: normal, obese, hypertensives and obese-hypertensives. Indices of LV adaptation were compared between the groups. SPSS 16.0 was used for analysis. Results: Relative to normal subjects, LV mass (LVM), LV mass index (LVMI) and wall thickness were significantly higher among hypertensive men and obese hypertensive men. They were similar between normal and obese men. However, LVM, LVMI and wall thickness were increased among obese women compared to normal women while they were similar among obese, hypertensive and obese-hypertensive women. Men with concurrent obesity and hypertension presented with a further increase of LVM and wall thickness above values in the merely obese or hypertensive subjects. Female obesehypertensive seem to present more with eccentric hypertrophy than male obese-hypertensive subjects (17.2% vs. 9.1% respectively, p<0.05) while male obese-hypertensive seem to present more with concentric hypertrophy (54.5% vs. 43.1% respectively, p>0.05) than female obese-hypertensive subjects. Conclusions: Structural, functional and geometric LV adaptation to obesity and hypertension varies between the two genders among Nigerians. The impact of isolated obesity on LV adaptation in women appears very significant.
Introduction
Hypertension and obesity are both associated with significant changes in cardiac structure and function which have been well described in the literature. 1, 2 The prevalence of left ventricular hypertrophy (LVH) rises with increasing blood pressure, age and obesity 2 . Hypertension and obesity are the commonest cardiovascular risk factors worldwide 1,2,3, . LVH and alteration of LV geometry are associated with hypertension and obesity both individually and are at least additive when they occur together 4, 5 . LVH is independently associated with increased cardiovascular mortality, congestive heart failure, renal failure and coronary heart disease 6, 7 . Abnormal LV geometry is equally an important prognostic factor in hypertension and obesity. Eccentric hypertrophy has been associated with the early stage of impaired systolic dysfunction while other abnormal geometric patterns have been associated with increased cardiovascular morbidity and mortality 1, 8 . Association with race have not been fully described. Factors which influence cardiac adaptation to hypertension include age, duration of hypertension, systolic and diastolic blood pressure, gender, drugs and presence of other cardiovascular risk factors such as obesity. Cardiac adaptation in hypertension and obesity occur as a result of pressure and volume changes in order to maintain haemodynamic balance 8 . Some gender specific associations with left ventricular structure and function have been described among Caucasians. Many Authors suggests that women are at increased risk due to LVH and that cardiac adaptation to hypertension and obesity are sex-dependent 9, 10 Norton et al. 11 showed that obesity is associated with additional impact on left ventricular mass among Africans. However, information on gender specific pattern of cardiac adaptation to obesity and hypertension among Nigerians are scarce.
Therefore, this study aimed at describing the gender specific pattern of cardiac adaptation to hypertension and obesity among Nigerians.
Methods
The study was a cross sectional study. The study population consisted of 245 hypertensive subjects and 68 normotensive controls. The normal subjects were recruited consecutively from patients' relatives and hospital staff who willingly gave their consent to participate. They were hypertensive subjects recruited consecutively at the cardiology clinic of Ladoke Akintola University of Technology Teaching Hospital, Osogbo, Nigeria.
The inclusion criteria was an adult >18 years of age with diagnosis of hypertension being followed up at the cardiology clinic of our hospital. Subjects with clinical heart failure, diabetes and renal disease were excluded from the study. All subjects had history taking, physical examination and echocardiography done. Blood pressure was measured with Accosson sphygmomanometer on the right arm of each subject after he/she had been sitting for at least 5 minutes. Hypertension was diagnosed according to standardized protocols as blood pressure >140/90 mmHg and/or the use of antihypertensive therapy 4 . The weight (in kilograms) of each participant was measured using standard weighing scale in light clothing with the shoes off. The height (in meters) was taken using a stadiometer. Body mass index (BMI) was determined by dividing the weight (in kilograms) by the square of the height (in meters).
Obesity was defined according to the National Institute of Health criteria as BMI > 27.8kg/ m2 for men and 27.3kg/m2 for women.12 Subjects with history of heart failure, diabetes mellitus, renal failure and cerebrovascular disease were excluded from the study.
Echocardiography
Echocardiography was performed according to the recommendation of the American Society of Echocardiography (ASE) 13 using a SUIS Apogee ultrasound with 3,5MHz cardiac transducer with the patient in the left lateral decubitus position. Two dimensional guided Mmode was used for measuring chamber and wall dimensions [posterior (PWTd) and interventricular septal wall thickness in diastole (IVSd)] using the leading edge to leading edge technique. The left ventricular mass was derived using the Devereux modified ASE cube formula 14 which has been shown to correlate with necropsy findings. LV mass (g) = 0.8 {1.04 (IVSd + LVIDd + PWTd) 3 -(LVIDd)3 }+ 0.6. LV mass was indexed to body surface area to obtain the left ventricular mass index (LVMI). LVH was considered present if the left ventricular mass index is >134g/m2 and 110g/m2 for males and females respectively.14 Relative wall thickness was derived by 2 x PWT/LVIDd. Normal RWT was defined as <0.45. Normal geometry was defined as normal left ventricular mass and normal relative wall thickness. Concentric remodelling was defined as increased relative wall thickness (RWT> 0.45) and normal left ventricular mass. Concentric hypertrophy was defined as increased relative wall thickness and increased left ventricular mass.
Eccentric hypertrophy was defined as increased left ventricular mass with normal relative wall thickness.3,14 Study subjects were divided into four subgroups: normal subjects (not hypertensive and not overweight), obese subjects (having elevated BMI but not hypertensive), hypertensive subjects (hypertension with normal BMI) and obesehypertensive subjects (having increased BMI and hypertension coexisting together).
Analysis
Statistical anlysis was done using the Statistical package for Social Sciences 16.0 (Chicago Ill.) Categorical variables were expressed as proportion (percentages) while continuous variables were expressed as means ± standard deviation. Independent t-test and analysis of variance were used for comparism between continuous variables while fisher's exact test and chi square tests were used for comparison between categorical variables. Values were considered statistically significant when p<0.05. Institutional Ethical approval was obtained for the study.
Results
The demographic characteristics of male and female participants are shown in table 1.
They were similar in age distribution. This is shown in table 1. Hypertensive and normal control subjects were also similar in age and body surface area. They were well matched in age and gender distribution. Expectedly, systolic diastolic blood pressure, left ventricular mass, body mass index and relative wall thickness were higher among hypertensive subjects than control subjects. Men and women participants were similar in age, systolic and diastolic blood pressure and body mass index. Obesity was commoner among women than men (40.9 vs. 27.4%, p<0.05 respectively). Though the mean LVMI and interventricular septal wall dimension was significantly higher among men, the frequency of occurrence of LVH was similar among men and women (46.3% vs. 47.7% respectively, p>0.05) as shown in table 2. Normal women showed lower values in most echocardiographic parameters except relative wall thickness which was higher among women than men. Relative to normal subjects, LVM, LVMI, PWT, and IVSD were significantly higher among hypertensive men and obese hypertensive men. They were similar between normal and obese men. Also, LVM, PWT and IVSD were increased among obese women compared to normal women while they were similar among obese, hypertensive and obesehypertensive women. Among men, RWT increased among obese men compared to normals and further increased among hypertensive and obese hypertensive men. The increment in RWT was however less for females as shown in table 3. 
Discussion
This study showed that LVM and RWT were significantly higher among male obese hypertensive subjects than male hypertensive subjects. Although, LVM was similar among normal and obese male participants, the relative wall thickness was significantly higher among obese men than normal men. Obese women had significantly higher LVM and relative wall thickness than normal controls while mean LVM was similar among obese, hypertensive and obese-hypertensive females compared to males. There are therefore gender specific associations in left ventricular adaptation to obesity and hypertension among Nigerians similar to what has been reported among other populations 1, 9, 10 . In this study, obesehypertensive men seem to have an additive effect on left ventricular mass and wall thickness dimensions when obesity coexisted with hypertension while obesity seem to have a high impact on left ventricular mass among women comparable to the impact of hypertension. Obese women equally had significant increase in chamber wall dimension compared to normal women.
Hypertension also led to increase in mean LV wall dimensions, LV mass and relative wall thickness similar to what was obtained by obesity on these parameters. This suggests that obesity in women have significant impact on LV adaptation and that of normal women is likely to be more. As the prevalence of obesity increase worldwide, various cultural and traditional practices encourage obesity especially among women which will consequently lead to LV remodelling. The attendant significant impact on LV adaptation among Nigerian women may herald an increase in abnormal left ventricular geometry and left ventricular hypertrophy thereby predisposing Nigerian women to increased cardiovascular risk. LVH is an important cardiovascular risk factor.LVH and abnormal left ventricular geometry are associated with increase in incidence of heart failure, cardiac arrhythmias, sudden cardiac death and coronary heart disease 4, 7 . The prevalence of LVH was lower among women compared to men among normals, obese and hypertensive subjects. This is in agreement with other studies except among obese -hypertensive women with a higher prevalence of LVH similar to what was obtained among obese-hypertensive males 7, 10 . This was despite the fact that obesity had significant impact on LV structure and geometry especially among obese females. The cut off used in this study to diagnose LVH may not have been very appropriate for this population. The use of a lower cut off value to diagnose LVH among women will result in a higher prevalence of LVH compatible with the impact demonstrated by obesity on LV structure and geometry among women in this study. Other authors have also suggested that LVH criteria may not be universally appropriate for different population 15 . The pattern of LV geometric adaptation was somewhat similar among the two genders. However, there are some differences: 6% of obese-hypertensive men have normal geometry, compared to 25.0% of obese hypertensive women. Female obese hypertensives seem to present more with eccentric hypertrophy while male obesehypertensives seem to present more with concentric hypertrophy. Eccentric hypertrophy has been linked to adverse cardiovascular prognosis in heralding a progressive decline in LV systolic function. The prognostic implications of this suggests that female obese hypertensive subjects and may be at an increased risk of progressive LV systolic dysfunction as a result of coexistence of obesity and hypertension than their male counterparts due to the association with eccentric hypertrophy 16, 17 . The prevalence of abnormal left ventricular geometry was higher among obese-hypertensive men than obesehypertensive women with a higher frequency of concentric LVH. Concentric LVH is an adverse cardiac remodelling associated with increase in risk of coronary heart disease, arrhythmia and sudden cardiac death due to increase in both left ventricular mass and relative wall thickness with myocardial ischaemia.
Some studies among Caucasians have suggested that LV response to obesity and hypertension is stronger in females than males 16, 17 . Others have however demonstrated that the prevalence of hypertensive complications may be less among women than men 18, 19 . The decrease in risk is primarily due to a reduced incidence of coronary heart disease (which is only one-half that in men at the same blood pressure). Also, a greater BP load seems to be required to produce cardiovascular injury in women 20 . Women have been shown to have a different haemodynamic profile (matched for blood pressure, race and age) with a lower cardiac output and systemic vascular resistance both by 10 % each compared to males. Women also have a wider pulse pressure and a faster heart rate. The pattern of BP increase with exercise is about two-third of that which obtains in men 21 . Premenopausal women also have less effective baroreflex blood pressure buffering than men leading to less effective blood pressure regulation in women in response to vasoactive drugs and acute stress 22 . The lower systemic vascular resistance seem to minimize vascular injury leading to reduction in prevalence of stroke, coronary heart disease and heart failure. The pathophysiologic mechanism responsible for the haemodynamic differences noticed is not well known but oestrogen have been postulated to play a part. However, in the presence of obesity and/or hypertension, many of these haemodynamic changes are likely altered leading to increase in cardiovascular risk equivalent or that even surpass their male counterpart. The association of menopause, where obesity among women is more common also adds to this argument as postmenopausal women have been shown to have increased cardiovascular risk. Absolute benefit from antihypertensive treatment such as on LVH regression and other cardiovascular end points have been shown to be less in women due to the lower number of recorded events if left untreated although women derive substantial cardiovascular protection equally as men in antihypertensive therapy in major cardiovascular trials 18, 23, 24 . Therefore, early control of obesity among women even before menopause is much likely to lead to significant reduction in cardiovascular risk among women in addition from the specific benefit in population health control.
Conclusion
This study showed an additional impact of obesity on LV adaptation among non hypertensive women compared to men and a higher prevalence of eccentric hypertrophy among obese hypertensive women while concentric hypertrophy predominates among obese-hypertensive men. With the continuous increase in prevalence of obesity world-wide especially among women, CVD risk among women may therefore rise significantly. Therefore implementation of primary and secondary preventive strategies may reduce the impact of obesity on CVD especially in obese women. The limitation of this study is that it is an hospital based study and therefore the outcome might not be exactly what is obtainable in the population. Also the study design does not categorically identify the causality between the gender specific differences in cardiac adaptation to hypertension.
